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ABSTRACT : 

PURPOSE: To provide a superconductive wire adaptable to 
formation of a 

superconducting coil and the like, which allows an 
alternating current of 

commercial frequency of the same degree as a direct current- 
to flow 

therethrough and at the same time provides the low loss of 
an alternating 
current . 



8/27/05, EAST Version: 2.0.1.4 



CONSTITUTION: In a superconductive wire 4 ! which permits 
conduction of a 

large current by twisting a plurality of superconductive 
strands 1 of NbTi 

embeded into a matrix material on the circumference of a 
central wire 5a to 

make it in one body, the central wire 5a (5b, 5c) is 
characterized by a hollow 

wire made of stainless steel or CuNi of Ni concentration 
not larger than 

40wt.%. According to this invention, it is preferable that 
the NbTi 

superconductive stands 1 to form a twisted wire with the 
hollow central wire 5a 

(5b, 5c) made an axis is a NbTi filament not larger than 
lμm in. diameter- 

embeded into the matrix material and that the thickness of 
the hollow central . 

wire 5a (5b, 5c) to be a twisted wire is degrees not larger 
than 1/4 (the 

diameter of a hollow is not larger than 1/4 of that of a 
hollow wire) , since it 

makes smaller eddy current loss and a coupling loss between 
a superconductive 

strand and a central wire and besides makes higher its 
resistance after 
quenched . 
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(54) SUPERCONDUCTIVE WIRE ROD 

(57)Abstract: 

PURPOSE: To provide a superconductive wire 
adaptable to formation of a superconducting coil and the 
like, which allows an alternating current of commercial 
frequency of the same degree as a direct current to flow 
therethrough and at the same time provides the low loss 
of an alternating current. 

CONSTITUTION: In a superconductive wire 4' which 
permits conduction of a large current by twisting a 
plurality of superconductive strands 1 of NbTi embeded 
into a matrix material on the circumference of a central 
wire 5a to make it in one body, the central wire 5a (5b, 
5c) is characterized by a hollow wire made of stainless 
steel or CuNi of Ni concentration not larger than 40wt.%. 

According to this invention, it is preferable that the NbTi : x i : • 

superconductive stands 1 to form a twisted wire with the hollow central wire 5a (5b, 5c) made 
an axis is a NbTi filament not larger than 1um in diameter embeded into the matrix material 
and that the thickness of the hollow central wire 5a (5b, 5c) to be a twisted wire is degrees not 
larger than 1/4 (the diameter of a hollow is not larger than 1/4 of that of a hollow wire), since it 
makes smaller eddy current loss and a coupling loss between a superconductive strand and a 
central wire and besides makes higher its resistance after quenched. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1ii the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The superconduction wire rod characterized by said center line being a product made from 
stainless steel, or a hollow line made from CuNi not more than nickel concentration 40wt% in the 
superconduction wire rod which twists to seriate strand two or more books of NbTi embedded by the 
matrix material at the peripheral surface of a center line, unifies, and enables energization of a high 
current. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the superconduction wire rod suitable for the 
configuration of the superconduction coil which can be applied to the low loss superconduction wire rod 
which can pass a comparable current also by an alternating current or direct current of commercial 
frequency, especially can also reduce the consumption of the liquid helium at the time of alternating 
current energization and quenching. 
[0002] 

[Description of the Prior Art] As everyone knows, since a superconduction line has very small electric 
resistance, a current can be passed by Joule's heat loss minute in direct current. On the other hand, this 
kind of superconduction line will produce the AC loss which mainly consists of hysteresis loss and joint 
loss, if it is going to pass a current all over a fluctuation magnetic field. Therefore, when putting in 
practical use as a superconduction coil etc. when using this kind of superconduction line by the 
commercial frequency of 50Hz, or 60Hz for example, it becomes an important technical problem how 
far hysteresis loss can be reduced especially among said AC losses. 

[0003] By the way, paying attention to being proportional to the diameter of a superconduction filament 
which constitutes a superconductive element line, and the diameter of a superconduction filament in the 
matrix which will function as stabilization material if it puts in another way, micrifying of the diameter 
of a superconduction filament is advanced and said hysteresis loss is a diameter of a superconduction 
filament also at a mass-production-scale. 1 micrometer The following is attained. However, micrifying 
said diameter of a superconduction filament, if when it is going to acquire the critical current value of 
superconduction **** for a direct current and it is going to obtain the critical current density of 
superconduction **** for a direct current, it is small and it necessary to set up spacing between 
superconduction filaments, respectively. [ number / of a superconduction filament ] On the other hand, if 
spacing between said superconduction filaments becomes below the coherence length of a matrix 
material, since association of the filaments which adjoin each other according to the proximity effect 
will arise and the equivalent diameter of a superconduction filament will become large, hysteresis loss 
becomes larger than the value expected from each prepared diameter of a superconduction filament. 
Therefore, in said configuration, it must be set as the minimum superconduction filament spacing which 
does not produce association of the filaments by the proximity effect. That is, practical use is presented 
with two or more [ of the superconductive element lines which choose and set up and grow into the 
minimum superconduction filament spacing which does not produce association of the filaments by the 
proximity effect as a superconduction wire rod for an alternating current which can pass a high current 
by alternating current ] as a twisted configuration, as [ show / a cross-section configuration / for 
example,, / in drawing 2 / typically ] - the primary twist superconductive element line (a wire rod) 2 
which twisted seven superconductive element lines 1 and constituted them, and this superconductive 
element line 2 The secondary twist superconductive element line (wire rod) 3 and the secondary 
[ further ] twist superconductive element line 3 which twisted seven and constituted It uses in the form 
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which twisted seven and was used as the constituted 3rd twist superconduction wire rod 4. in addition, it 
sets in the configuration of said superconduction wire rod 4 - one — a center line — becoming — the 
peripheral surface of this center line — others although the mode which twisted six to seriate is 
accomplished, let a pure stainless steel line and a CuNi line be center lines — considering as the 
configuration which twisted six superconductive element lines 1 to seriate is also known. 
[0004] 

[Problem(s) to be Solved by the Invention] However, said configuration twisted and, in the case of a 
doubling superconduction wire rod, there were the practically following inconvenient problems. For 
example, said superconductive element line 1 To superconductive element line 1' which accomplishes a 
center line, an energization current and the current of the reverse sense may flow from the asymmetry of 
the mutual inductance between seven superconductive element lines the time of twisting seven and a 
center line also energizing the commercial frequency of 50Hz, or a 60Hz alternating current in the 
superconduction wire rod 2 of a doubling configuration in superconductive element line 1\ That is, in 
this configuration, there is a problem that a current comparable as a direct current cannot be energized. 
The same of such a thing is said of the case of the secondary twist superconduction wire rod 3 or the 3rd 
twist superconduction wire rod 4. 

[0005] on the other hand, let a pure stainless steel line and a CuNi line be center lines - since it follows 
on twisting more than to the 2nd order in the case of the superconduction wire rod of a configuration of 
having twisted six superconductive element lines 1 and the path of the center line becomes large, in case 
the alternating current which is the commercial frequency of 50Hz or 60Hz is energized, the eddy 
current loss of the stainless steel line which accomplishes a center line, or a CuNi line, and 
superconductive element line—center line joint loss become large. When this eddy current loss and 
superconductive element line— center line joint loss become large, the temperature of a superconduction 
wire rod (conductor) rises and it becomes impossible and to energize a current comparable as a direct 
current. When this kind of superconduction wire rod is especially used for the configuration of a 
superconduction coil, it follows on said eddy current loss or superconductive element line— center line 
joint loss, and there is a problem of inviting consumption increase of the liquid helium under 
energization / drive. And although the problem of the consumption of this liquid helium requires that it 
should be an important technical problem and a superconduction wire rod should present high resistance 
at the time of quenching not only under energization / drive of a superconduction coil but after 
quenching, the superconduction wire rod of said configuration is not equipped with such a function. 
[0006] This invention coped with the above-mentioned situation, was made, can pass a current also with 
the alternating current of commercial frequency comparable as a direct current, and aims AC loss etc. at 
offer of the superconduction wire rod which is low and fits the configuration of a superconduction coil 
etc. 
[0007] 

[Means for Solving the Problem] The superconduction wire rod concerning this invention is 
characterized by said center line being a product made from stainless steel, or a hollow line made from 
CuNi not more than nickel concentration 40wt% in the superconduction wire rod which twists to seriate 
superconductive element line two or more books of NbTi embedded by the matrix material at the 
peripheral surface of a center line, unifies, and enables energization of a high current. In this invention, 
the diameter of a NbTi filament embedded at the matrix material the NbTi superconductive element line 
which constitutes a stranded wire centering on a hollow line 1 micrometer It is desirable that it is the 
following. Moreover, the center line of a stranded wire needs to be a hollow line as mentioned above, in 
order to make resistance after quenching high, while making small eddy current loss and 
superconductive element line-center line joint loss, and the thickness of the hollow line is one fourth. 
Extent is below (a path in the air is one half of hollow wire sizes following) desirable. And when a 
center line is a hollow line made from CuNi, the following [ nickel concentration (component ratio) 
40wt% ] are always chosen. The reason is that nickel will become unsuitable coming to have the 
magnetic moment, considering as a matrix and using it if it carries out to more than nickel concentration 
40wt%. 
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[0008] 

[Function] Since the imbalance of the inductance between the NbTi superconductive element lines 
which twisted to the peripheral surface and were united with it by seriate by having made into the high 
product made from stainless steel of specific resistance or the hollow line made from CuNi not more 
than nickel concentration 40wt% the center line which twists two or more NbTi superconductive 
element lines to a peripheral surface seriate, and is unified is canceled, the superconduction wire rod 
concerning this invention becomes without the current of the reverse sense flowing a center line. 
Especially, it is the thickness of said hollow line One fourth Since the eddy current loss proportional to 
the cross section of a center line and superconductive element line-center line joint loss become small 
and a temperature rise is also controlled when it is set as below (a path in the air is one half of hollow 
wire sizes following), the liquid helium (refrigerant for very low temperature) consumption under 
alternating current energization can be reduced. Moreover, the resistance after quenching decided by the 
"specific resistance x die-length / cross-sectional area" also increases by reduction of the substantial 
cross-sectional area of a center line, and the consumption of the liquid helium by the Joule's heat 
decided by "electrical-potential-difference 2 / resistance" is also reduced. 
[0009] 

[Example] Next, the example of this invention is explained with reference to drawing 1 . 
[0010] drawing 1 is set to the superconduction wire rod concerning this invention — 63 The cross- 
section configuration which carried out the NbTi superconductive element line twist is typically shown 
in a mold. In drawing 1 , 5a was a hollow center line, for example, diameter 0. 1 mm, the pipe made from 
stainless steel with a thickness of 0.05mm, and 1 were twisted to the peripheral surface of said pipe 
5made from stainless steel a, and were united with it by^senrate. They are six superconductive element 
lines of NbTi. For example, it is a diameter 0.6, using a CuNi system etc. as a matrix material, mum It is 
the superconductive element line of diameter 0. 1 mm which comes to embed a NbTi filament, and this 
superconductive element line 1 twists and primary twist superconductive element line 2' consists of 
doubling. Moreover, this primary twist superconductive element line 2' Secondary twist superconductive 
element line 3' which twisted to the peripheral surface with a 6, for example, diameter 0.3 mm, and a 
thickness of 0.15mm of pipe 5made from stainless steel b, and was constituted in it seriate is constituted. 
Furthermore, said secondary twist superconductive element line 3' 3rd twist superconduction wire rod 4' 
which twisted to the peripheral surface with a 6, for example, diameter 0.9 mm, and a thickness of 
0.45mm of pipe 5made from stainless steel c, and was constituted in it seriate is constituted. It was 
constituted as mentioned above. 63 When the 50Hz alternating current was energized to short length 
mold NbTi superconduction wire rod 4', the same 4000 A as the critical current of a direct current was 
able to be passed, on the other hand — this ~ 63 When the superconduction coil was constituted using 
NbTi superconduction wire rod 4' of a mold and the 50Hz alternating current was energized in this 
superconduction coil, the same 1498 A as the critical current of a direct current was able to be passed. 
Moreover, also consumption of the liquid helium after quenching of this superconduction coil It was as 
small as 21. 

[001 1] Thus, in the device which uses the quenching phenomenon of a superconduction line like the 
superconducting-fault-current-limiting machine adapting especially a superconduction coil in the 
superconduction wire rod concerning this invention since the consumption of the liquid helium at the 
time of alternating current energization and quenching can be reduced sharply, since the consumption of 
the liquid helium at the time of alternating current energization and quenching decreases, it is effective. 
[0012] In addition, the structure thru/or the configuration of a NbTi superconduction wire rod 
concerning this invention is not limited to the gestalt of said instantiation. Namely, 63 The diameter of 
the pipe made from stainless steel of the hollow line which the structure thru/or the configuration of 
those other than a mold is sufficient as, and accomplishes a center line, thickness, etc. can be chosen and 
set up at arbitration, and the same effectiveness is acquired even if it uses the pipe made from CuNi not 
more than nickel concentration 40wt% instead of the pipe made from stainless steel. 
[0013] 

[Effect of the Invention] The imbalance of the inductance between NbTi superconductive element lines 
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is canceled, it is **, and the superconduction wire rod applied to this invention as explained above 
becomes, without the current of the reverse sense flowing a center line. Therefore, since eddy current 
loss and superconductive element line-center line joint loss are controlled small and a temperature rise 
is also reduced sharply, the liquid helium (refrigerant for very low temperature) consumption under 
alternating current energization is reduced. That is, the diameter of a NbTi filament of the NbTi 
superconductive element line which constitutes a stranded wire centering on a hollow line 1 micrometer 
Below The thickness of a hollow line is one fourth. Since the resistance after quenching becomes high 
while eddy current loss and superconductive element line-center line joint loss become small by setting 
it as extent below (a path in the air being one half of hollow wire sizes following), The liquid helium 
(refrigerant for very low temperature) consumption after quenching can also be reduced not to mention 
under alternating current energization. And the engine performance which was excellent in the critical 
current value of alternating current energization being comparable as the case of the galvanization is 
presented. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 ♦*** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The mimetic diagram showing the example of cross-section structure of the 
superconduction wire rod concerning this invention. 

[Drawing 2] The mimetic diagram showing the example of cross-section structure of the conventional 
superconduction wire rod. 
[Description of Notations] 

1 — NbTi superconductive element line 2 2' — Primary twist superconductive element line 3 3' — 
Secondary twist superconductive element line 4 4' — 3rd twist superconductive element line 
(superconduction wire rod) 5a, 5b, 5c -- Hollow center line 



[Translation done.] 
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1. This document has been translated by computer. So the translation may not reflect the original 
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DRAWINGS 



[Drawing 1] 
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